Graduate Theses, Dissertations, and Problem Reports
2022

The Impacts of Maple Syrup Production on the Herbaceous Layer
in Appalachian Hardwood Forests
Logan Scott Ferguson
West Virginia University, lf00012@mix.wvu.edu

Follow this and additional works at: https://researchrepository.wvu.edu/etd
Part of the Botany Commons, Forest Biology Commons, Forest Management Commons, Other Plant
Sciences Commons, and the Population Biology Commons

Recommended Citation
Ferguson, Logan Scott, "The Impacts of Maple Syrup Production on the Herbaceous Layer in Appalachian
Hardwood Forests" (2022). Graduate Theses, Dissertations, and Problem Reports. 11517.
https://researchrepository.wvu.edu/etd/11517

This Thesis is protected by copyright and/or related rights. It has been brought to you by the The Research
Repository @ WVU with permission from the rights-holder(s). You are free to use this Thesis in any way that is
permitted by the copyright and related rights legislation that applies to your use. For other uses you must obtain
permission from the rights-holder(s) directly, unless additional rights are indicated by a Creative Commons license
in the record and/ or on the work itself. This Thesis has been accepted for inclusion in WVU Graduate Theses,
Dissertations, and Problem Reports collection by an authorized administrator of The Research Repository @ WVU.
For more information, please contact researchrepository@mail.wvu.edu.

The Impacts of Maple Syrup Production on the Herbaceous Layer in
Appalachian Hardwood Forests
Logan Ferguson

Thesis submitted
to the Davis College of Agriculture, Natural Resources, and Design
at West Virginia University

in partial fulfillment of the requirements for the degree of

Master of Science in Forestry

Jamie Schuler, Ph.D., Chair
Kirsten Stephan, Ph.D.
Dave McGill, Ph.D.

Department of Forestry and Natural Resources

Morgantown, West Virginia
2022

Keywords: Herbaceous Layer, Disturbance, Maple Syrup, Hardwood Forests, Plant Functional
Groups

Copyright 2022 Logan Ferguson

ABSTRACT
The Impacts of Maple Syrup Production on the Herbaceous Layer in Appalachian Hardwood
Forests
Logan Ferguson

Vegetation data were collected from eight maple syrup farms (sugarbushes) and eight
undeveloped maple-dominated sites to examine potential differences in understory plant
communities due to disturbance effects. Understory plants were identified to the species level
and percent cover of aboveground leaf-area for each species was estimated within 600 total
quadrats. Overstory data and environmental data were collected to help determine if they had any
effect on herbaceous-layer plant communities. Species richness, Shannon diversity, and Pielou’s
evenness were calculated, with the analysis showing no significant differences between the site
types. The absolute cover of plant functional groups was also compared between the two site
types, again with no significant differences found. In addition, the leaf-area cover and
presence/absence data of non-timber forest product (NTFP) plant species and non-native
invasive plant species were analyzed and compared between the two site types. Some differences
in cover and likelihood of occurrence (estimated from the presence/absence data) for these
species were found between the two site types. Blue cohosh, one of the NTFPs, had greater cover
on the control sites. In addition, several of the NTFPs were positively associated with north and
east facing slopes, as well as the cover of other understory plants. The likelihood of occurrence
and cover of several non-native invasive species was also significantly higher on the sugarbush
sites compared to the control sites, as was the combined cover of all non-native invasive species.
It was hypothesized that non-native invasive understory plant species have greater cover on
sugarbush sites due to increased disturbance effects and altered site conditions. Sugarbush
owners wishing to stop the spread of non-native invasive species within their stands or protect
NTFPs from disturbance impacts may therefore wish to alter their management practices and/or
utilize invasive species control methods.
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Introduction
Sugar maple (Acer saccharum Marsh.) is one of the most economically valuable tree
species in the Eastern United States, being utilized both for wood products as well as being the
primary source of sap used for maple syrup production (Millers et al. 1989). The United States is
currently the world’s second largest producer of maple syrup, producing an estimated total of
5.028 million gallons of syrup in the 2022 syrup production season. Dollar-value estimates for
the current year’s crop are not yet available; however, in 2021 a total of 3.721 million gallons of
syrup were produced in the United States at an estimated value of 134 million dollars (USDA
2022). Maple syrup production in the United States is led by Vermont, which produced nearly 2
million gallons of syrup in 2018. West Virginia, where the majority of the sites surveyed for this
study are located, produced a fraction of this amount in 2018 (roughly 8,000 gallons) and is
currently ranked 13th amongst U.S. states for maple syrup production (USDA 2022). Despite its
low ranking in terms of syrup production, West Virginia is in the top seven U.S. states for the
number of potential maple taps (Matthews and Iverson 2017). Enormous potential for growth of
the maple syrup industry exists within West Virginia and the greater Appalachian and MidAtlantic regions, particularly with the evolution of more profitable and efficient maple syrup
production techniques (Matthews and Iverson 2017).
Maple syrup production is one activity on a spectrum of human-related disturbances that
impact maple forests, including a variety of timbering practices, recreational uses, and the effects
of the agricultural matrix on nearby tree stands (Aubin et al. 2007). Maple sap was traditionally
collected in buckets, which was facilitated by the natural exudation of sap from the trees during
the spring sap-collecting season. This process is triggered by a cycle of cold nights and warm
days in early spring, when trees absorb ground water through their roots during the night due to
negative internal pressure and subsequently exude sap during the warm days when the internal
pressure of the tree becomes greater than the external pressure (Marvin and Greene 1951). In
recent decades, bucket collecting has been replaced almost entirely by the use of plastic tubing,
along with the use of vacuum pumps to increase sap-flow and yield (Lagacé et al. 2019). Plastic
tubing can connect large numbers of trees, allowing sap to be collected much more efficiently
than in traditional bucket collecting (Lagacé et al. 2019). This tubing requires regular
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maintenance and periodic replacement, as it is subject to leaks from animal chews and can
accumulate harmful microorganisms and debris over time if left uncleaned (Lagacé et al. 2019)
Maple sap must also be concentrated in order to produce syrup. When it is first collected
from the tree, the sugar content of sap is typically around 1-3%, while the sugar content of syrup
is around 66% (Ball 2007). Sap was traditionally concentrated via boiling to induce evaporation,
and it still is today. However, technologies such as reverse osmosis and steam-aways are now
utilized to speed up the evaporation process and reduce energy requirements (Weaver et al.
2020). The use of modern technology for maple syrup production has increased the efficiency
and profitability of sap-collection and syrup production, however it may also result in increased
disturbance in sugarbushes during the growing season, as opposed to traditional bucket
collecting for which the disturbance primarily occurred before the spring growing season. Maple
syrup producing stands may also be managed to preclude other tree species, resulting in
decreased structural diversity (Aubin et al. 2007). When all factors are considered, it is clear that
sugarbushes are subject to a number of disturbance effects that untapped maple stands are not,
including trampling, increased edge effects, use of machinery, tracking in of invasive species, as
well as thinning and pruning. These disturbance effects may have an impact on understory flora,
depending on how the sugarbush is managed (Aubin et al. 2007). Many invasive species, for
example, are positively associated with disturbance (Vilà et al. 2011). Proliferation of invasive
species on forested sites may also increase competition with native species, potentially resulting
in decreased abundance of herbaceous NTFP’s.
The first objective of this study is to analyze the understory plant communities of
regional maple syrup farms and compare these to relatively undisturbed maple-dominated forests
in order to quantify the species richness, diversity, and evenness in these environments, as well
as to determine if activities related to maple syrup production are having an impact on understory
plant communities. It is hypothesized that these disturbance impacts may have an influence on
species richness and plant community composition, with a possible short-term increase in species
richness on sugarbush sites due to increased habitat heterogeneity and reduced dominance of
certain plant species. The sites that were sampled are relatively free from recent timber harvest,
however, and so the greater impacts to plant community composition may be due to an increased
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abundance of non-native invasive plant species, which could result in a decrease in herbaceous
layer diversity due to competition with native species.
The second objective of this study is to examine if there are differences in the likelihood
of occurrence and leaf-area cover of common invasive plants and certain herbaceous non-timber
forest products (NTFPs) between stands being tapped for maple syrup production and untapped
stands. Sugar maples and red maples (Acer rubrum L.), both used for maple syrup production,
are common canopy trees of Northern Hardwood forests, ecosystems that are home to a speciesrich understory plant layer (Gilliam 2014). Herbaceous plant communities in Northern
Hardwood forests contain many plant species with cultural and economic value, primarily as
food crops and in herbal medicine, also known as non-timber forest products.

Literature Review
Herbaceous Plant Communities in Northern Hardwood Forests
Herbaceous plant communities, which are typically defined as all non-woody vascular
plants under 1 meter in height, are often overlooked in traditional forestry management despite
representing more than 80% of the plant diversity within forest biomes on average (Gilliam
2007). In one extreme example, the boreal conifer forests of Northern Canada were found to
contain over 300 herbaceous plant species, while hosting only 20 tree species (De Grandpré et al.
2003). As such, threats to biodiversity often have a greater impact on herbaceous plant
communities than overstory trees and shrubs. Levin and Wilson (1976) estimated there to be a
three-fold greater natural extinction rate for herbaceous species in comparison to hardwood trees
in forest ecosystems, and a five-fold greater extinction rate than gymnosperms. Herbaceous
plants may also be more vulnerable to anthropogenic disturbance impacts due to their limited
dispersal and small stature compared to overstory trees (Spicer et al. 2022).
The impact of the herbaceous layer in forest ecosystems is disproportionate to the size of
the plants, which on average comprise only 0.2% of the aboveground biomass in forests of the
3

Northern Hemisphere (Gilliam 2007). Despite comprising such a small proportion of overall
biomass, herbaceous layers were found to contribute 12-16% of total litter fall (Gillam 2007,
Welch et al. 2007). Herbaceous litter also has lower C:N ratios and is richer overall in nutrients
than tree litter, with 30% higher concentrations of N and P, twofold higher concentrations of Mg,
and threefold higher concentrations of K (Muller 2003). The impact of herbaceous species on K
cycling is particularly profound, with one study in Indiana finding that total K contributions were
higher from herb litter than tree litter, a hugely disproportionate impact given the relative mass of
herb litter fall (Welch et al. 2007).
Herbaceous layer species assemblages and spatial dynamics are influenced by overstory
composition; however, the reverse is also true due to the impact of herb-layer composition on
seedling regeneration. Seedlings and sprouts of regenerating overstory trees compete with
herbaceous plants for light and resources, particularly following disturbance (Gilliam 2007).
Eastern hay-scented fern (Dennstaedtia punctilobula Michx.) was found, for example, to inhibit
the growth of black cherry (Prunus serotina Ehrh.) seedlings in the Allegheny hardwood forests
of Pennsylvania (Horsley 1993). Eastern hay-scented fern can act as an invasive plant despite
being native to the region, particularly under the influence of disturbance impacts such as
increased light availability from overstory thinning and heavy deer browse on understory herbs
(De la Cretaz and Kelty 1999). Overbrowsing by white-tailed deer (Odocoileus virginianus
Zimmerman), whose populations have greatly increased across much of the United States in
recent decades, can have significant impacts on understory plant communities (Horsley et al.
2008). White-tailed deer browse preferentially on different plant species depending on factors
such as nutrient content and plant defenses (Augustine and Mcnaughton 1998). Over prolonged
periods of time, this preferential overbrowsing can result in alterations to plant community
composition, with preferred species becoming rare and browse tolerant species becoming more
common (Pendergast et al. 2015). These interactions have significant implications for overstory
composition, which is heavily influenced by seedling regeneration and competition. Given the
impacts of the herbaceous layer on nutrient cycling and seedling regeneration, understanding
these plant communities is an important, albeit often overlooked, aspect of forest management.

Economically Valuable and Culturally Important Plant Species
4

Herbaceous plant communities in Eastern North America contain a variety of species that
are harvested for medicine and for food. Some of the most commonly harvested plants include
American ginseng, ramps, black cohosh (Actaea racemosa L.), blue cohosh (Caulophyllum
thalictroides L.), and goldenseal (Hydrastis canadensis L.). When taken together with other nontimber forest products, including sap used for maple syrup production, edible fungi such as
morels (Morchella spp. Dill.), chantarelles (Cantharellus spp. Adans.), and others, the total
annual wholesale value of these products in the United States was estimated to be approximately
$1 billion (Chamberlain et al. 2019). This may in fact be a low estimate, as it is based on permits
issued for harvesting on public lands and does not include products harvested from private lands
or sold without a permit. Some of the wild plants harvested from forests in Eastern North
America have seen large declines in their populations due to high demand and unsustainable
harvesting practices (McGraw et al. 2013).
Certain plants in the Appalachian region are sought after and harvested primarily for sale
as herbal remedies in traditional medicine. American ginseng is a long-lived, slow growing
perennial plant harvested for its roots, which are thought to have medicinal value. It is a
particularly vulnerable species due to its high value on international markets, and is listed as
special concern, threatened, or endangered in 11 different US states (USDA 2022). The
combination of American ginseng’s life history strategy with its value and presence in many
open-access areas has resulted in conservation issues. Since 1975, it has been listed on the
Convention on International Trade of Endangered Species of Wild Fauna and Flora (CITES)
(Chamberlain et al. 2019). Annual harvest of American ginseng roots, of which 70% takes place
in just seven eastern states, varied between 18,500 and 37,600 kg in the years 2000-2013
(Chamberlain et al. 2019). Nineteen states are currently certified for exports of American
ginseng and have management plans in place including harvest seasons and reporting of annual
harvest volumes (Chamberlain et al. 2019).
American ginseng is found across the Eastern United States ranging from 30° to 50°
north latitude, and it prefers a climate with a cold cycle of at least 45 days with temperatures
below 2° C. Ginseng typically grows in full shade under deciduous hardwood species. It requires
at least a moderate amount of precipitation, and prefers slightly acidic, well-drained soil high in
organic matter content (Snow and Snow 2009). Ginseng grows rhizomatically, with leaves
5

arranged in a whorl arising from a singular stem that is attached to a fleshy underground primary
taproot. Individual ginseng leaves are referred to as “prongs”, with juvenile plants having 2-3,
and more mature reproductive plants typically having 3-4 (Van Der Voort et al. 2003). The
rhizome and taproot are the primary structures harvested from the plant and sold.
Another plant with significant economic and cultural value in the Appalachian region are
“ramps”. Ramps are a native spring ephemeral plant with a flavor reminiscent of onion and garlic
that is harvested for use as a food item, particularly in the Appalachian region where a significant
market exists for them during their spring growing season (Chamberlain et al. 2019). Ramps
have been over-exploited across much of their native range, including in southeastern Canada
where they are being threatened with extirpation (Nantel et al. 1996).

Non-Native and Invasive Plant Species
Sugar maple-dominated forests in the Eastern United States contain highly diverse plant
communities, communities which are increasingly faced with competition from non-native,
invasive plant species (Gilliam 2007). The vast majority of invasive plants in the United States
were deliberately introduced as ornamentals, although a significant percentage have been
introduced accidentally (Lehan et al. 2011). The proportion of accidental introductions has been
decreasing with time as the threats posed by invasive plants became recognized, and the second
most common source of non-native plant introduction is now seed contaminants (Lehan et al.
2011). Invasive plants are widely known as agents of environmental change, often outcompeting
native plant species and negatively impacting native plant diversity and abundance (Vilà et al.
2011). Invasive plants have also been recognized as having an influence on growing conditions
by altering hydrology, fire regimes, and biogeochemistry (Richardson et al. 2000). Garlic
mustard (Alliaria petiolata M.Bieb.), for example, releases allelopathic chemicals into the soil
that inhibit the growth of arbuscular mycorrhizal (AM) fungi that form symbiotic relationships
with their plant competitors (Roberts and Anderson 2000). Anthony et al. (2019) examined the
long-term impacts of garlic mustard invasion on fungal communities and soil nutrient cycling in
southern New England deciduous forests, finding that fungal community composition, soil pH,
and nitrate levels were all significantly altered 3 years-post garlic mustard removal.
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The dispersal of these introduced plants is further facilitated by human activity-related
disturbances, including increased urbanization and habitat fragmentation (Aubin et al 2007).
Nearly all forests in the Eastern United States exist within landscapes that have been extensively
impacted by human land use, ranging from clearing land for agriculture, residential and
industrial development, timber harvesting, and recreational use. Many invasive plant species,
including species such as Japanese stiltgrass (Microstegium vimineum Trin.) and tree-of-heaven
(Ailanthus altissima Mill.) are strongly associated with edge habitats and are facilitated in their
dispersal by the creation of habitat corridors such as forest roads, trails, ditches, and berms
(Mortenson et al. 2009).

Disturbance Impacts on Understory Flora
Disturbance impacts on plant communities from human activities is one of the most
important factors influencing the distribution and composition of understory flora. Ecosystems
have been subject to alterations by human activities for as long as human populations have
existed within them, including on the North American continent as a result of Indigenous
People’s engagement in agriculture and their significant impact on fire regimes (Fulton and
Yansa 2019). Following European colonization of the Americas, land use patterns shifted to
intensive logging, clearing of vast swathes of land for agriculture, and subsequent natural
reforestation (Thompson et al. 2013). The impacts of this large-scale historical disturbance are
still being felt today, with late successional species such as American beech (Fagus grandifolia
Ehrh.), eastern hemlock (Tsuga canadensis L.), and red spruce (Picea rubens Sarg.) becoming
less abundant in favor of early successional species such as red maple. Additionally, the region
has experienced the loss of certain species such as the American chestnut (Castanea dentata
Marsh) and the American elm (Ulmus americana L.) to introduced diseases (Thompson et al.
2013).
The impacts of human activities on understory plant communities have been less studied
compared to the impacts to canopy trees. Herbaceous plants are highly subject to the indirect
effects of intensive land use such as logging and agriculture, with sudden shifts in light and
moisture availability resulting in significant changes to local plant communities (Gilliam 2007).
7

Sampling these plant communities has been of interest to land managers for some time, both for
the purpose of assessing biological diversity as well as gaining a more complete understanding of
site conditions (Ristau et al. 2001). Understory plant communities are influenced by a complex
set of environmental interactions, including light availability, soil moisture and pH, symbiotic
relationships with microbial communities, litter deposition, canopy gap distribution, and nutrient
availability (Mcintosh 2016). Alterations of these conditions can result in changes to the
structure and composition of understory plant communities, which can be observed on shorter
timescales than changes to canopy trees due to the shorter life cycle of herbaceous plants.
Landscape-level disturbance as well as fine-scale disturbance can have significant impacts on
herbaceous plant reproduction, growth, and dispersal (Tessier 2007).
Timber harvesting has been identified as a topic of concern for herbaceous plant
diversity, with some researchers hypothesizing that long-term harvesting impacts may include
alterations to vegetation patterns and decreased understory species richness and diversity
(Fredericksen et al. 1999). Timber harvest can result in short-term increases in species richness
and understory plant diversity due to increased habitat for shade intolerant species and increased
patchiness (Fredericksen et al. 1999; Zenner et al. 2006). Despite this, understory plant
communities appear to be relatively unaffected by low intensity harvesting. Bergstedt and
Milberg (2001) and Zenner et al. (2006) found that many understory species do not respond to
thinning, single tree selection, and shelterwood cuts; instead finding that only clearcuts with
greater than 80% canopy induced significant changes. Certain understory species may be more
affected by timber harvest than others, particularly species associated with late successional
forests. Moola and Vasseur (2008) found that a number of these plant species, including wild
sarsaparilla (Aralia nudicaulis L.), a common understory plant of Appalachia and the Northeast,
are absent or reduced in forests after logging despite overall community resiliency.
Other land uses besides timber harvest may have an impact on understory plant
communities (Aubin et al. 2007). Understory species assemblages on sites dominated by sugar
maple being subjected to several different types of human disturbance, including maple syrup
production and timber harvest, were studied by Aubin et al. (2007). Plant functional types, which
are typically defined as species groups that share convergent life history strategies, were
examined in order to make inter-regional comparisons. They found that while understory
8

vegetation communities in sugar maple-dominated forests are remarkably stable and adaptive to
human disturbance, some significant difference in plant functional types existed between sites
with different disturbance types. Overall, stands impacted by human disturbance exhibited
increased abundance of species associated with open environments (including certain non-native
species), a decrease of spring geophytes and certain shade tolerant forbs, and the development of
a dense sapling stratum. Stands tapped for maple syrup production had a higher occurrence of
plants dispersed by wind and birds/other animals. Overall, however, stands being utilized for
maple syrup production showed few differences to old growth and undisturbed stands, which the
authors attributed to large variations in management practices. The relatively small sample size
of maple syrup production stands in this study and the wide variability in management practices
between these stands indicate that further work could be done in this area to determine how
maple syrup production affects understory plant communities.
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Methods
Study Area
For this study I identified 16 forested stands with sugar and/or red maple as a dominant
canopy component within the states of West Virginia, Maryland, and Pennsylvania. The eight
“Sugarbush” sites were all currently active maple syrup farms on private land (with the exception
of the WVU woodlot sugarbush), while the eight control sites were undeveloped and primarily
located on public land (figure 1). The size of the sites varied between 2.4 and 4 hectares, which
was partially constrained by the small size of many of the maple syrup operations within the
region. The majority of the sites selected for this study are within 130 km of Morgantown, West
Virginia, which has a mean annual temperature of 13 degrees C and receives 1200.6 mm of mean
annual precipitation (NOAA 2022). Besides sugar maple and red maple, the sites also had a
significant yellow-poplar (Liriodendron tulipifera L.) component, as well as northern red oak
(Quercus rubra L.) and black oak (Quercus velutina Lam.). Other canopy tree species present on
the sites included white oak (Quercus alba L.), American beech (Fagus grandifolia), several
species of hickory (Carya spp. Nutt.), black birch (Betula lenta L.), and basswood (Tilia
americana L.).
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Figure 1: Map of Site Locations within West Virginia, Pennsylvania, and Maryland. Blue arrows indicate
sugarbush sites.
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Table 1: Site Characteristics and Timber Data (>10.0 cm DBH)

Site Type
Control

Sugarbush

Site
Allegheny Passage
Chestnut Ridge
Deckers Creek
Dixon Lake
Fernow BCA
Kumbrabow
Monroe Run
Thomas
Blue Rock Farms
Bruceton Mills
Gray Farms
Indian Water
Maryland Line
Milroy
Valley farms
WVU Woodlot
Average

# Of
Plots
10
8
10
10
10
10
10
8
10
10
9
8
6
10
10
12

Mean
Aspect
142
107
35
187
88
133
192
51
261
138
260
139
218
25
215
317

Mean Slope
(degrees)
26
23
27
16
10
17
12
15
14
2
19
23
7
3
23
13

% Maple
Trees
65.79%
72.94%
61.39%
53.08%
63.03%
69.77%
75.96%
87.25%
86.67%
57.02%
32.06%
72.06%
68.18%
59.20%
86.51%
66.42%

Trees/Hectare
190.00
265.63
252.50
325.00
297.50
297.50
260.00
247.50
166.67
302.50
363.89
421.88
366.67
312.50
315.00
285.42

Basal
Area/Hectare
191.24
328.70
225.74
333.42
421.83
429.87
183.22
240.85
192.08
277.97
327.24
282.47
308.55
327.22
388.09
456.82

157

16

67.33%

291.88

307.21

Sampling Methods
Data were collected during the summer months (June-August) over the course of two
field seasons, 2021 and 2022. The primary selection criteria was that the site being sampled
contained sugar and/or red maple as a dominant canopy component, which in this case was
defined as canopy trees in the genus Acer outnumbering any other single genus of canopy tree. I
also selected areas free from recent treatments (grazing, mowing, herbicide, thinning, etc.) to
reduce confounding variables, and did not select areas with large canopy gaps in order to reduce
edge effects. The number of sugarbushes in the region (roughly encompassing northern West
Virginia as well as parts of southwestern Pennsylvania and western Maryland) meeting these
criteria is limited, as is the number of maple-dominated stands on easily accessible public land.
Several of the sites that I visited were rejected on the basis of having an insufficient maple
component or recent vegetation treatment.
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Slope, aspect, trees per hectare, basal area per hectare, and total understory leaf-area
cover were measured to quantify site conditions and the vegetation community. At each site, the
overstory was sampled using 0.04-ha plots spaced 50 meters apart throughout the sample area.
The number of plots (table 1) was dependent on the tract being sampled, but I sampled
approximately 1 plot per 0.4 hectares. Within each 0.04 ha plot, diameter at breast height (DBH)
and species for every live tree greater than 10.0 centimeters in diameter was recorded. General
site characteristics are listed in table 1.
I then placed 1m² quadrats at a distance of 5 meters in each cardinal direction (north,
south, east, and west) from the center of each plot. Within each quadrat, I identified every plant
species under 1 meter in height and estimated the leaf-area of each species using the hand-area
method (Walter et al. 2015). Graminoids were identified to the genus level, in part due to time
constraints and the desire to survey a large number of quadrats to increase the statistical power of
the analysis. I also conducted a timed meander at each of the 0.04 ha plots after collecting the
quadrat data to assess presence-absence of uncommon species that may not have been detected
within the quadrats. The timed meander consisted of a minimum 30-minute search of the plot for
species not located within the quadrats. After 30 minutes, if no new species or only one new
species was detected in the previous 5-minute interval, the meander was stopped, otherwise
another 5-minute interval was added and so forth until this condition was met.

Statistical analysis
Data were analyzed using JMP and SAS software (JMP®, Version Pro 16.0.0, SAS
Institute Inc., Cary, NC, Copyright ©2021; SAS®, Version 9.4, SAS Institute Inc., Cary, NC,
Copyright ©2002-2012). Significance criterion alpha for all tests was 0.05. Data were used from
all 16 sites, with a total of 150 plots, which were split into 74 sugarbush plots and 76 control
plots. Each plot contained 4 quadrats, which multiplied by 150 plots equates to 600 quadrats. The
understory flora data were summarized from 4,374 observations, with each observation
correlating to a plant species found within a quadrat nested inside a plot.
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To assess differences in the understory plant communities between the sugarbush and
control sites, I calculated species richness, Shannon diversity index, and Pielou’s evenness. For
species diversity and evenness, I utilized the Shannon diversity index, and then compared the
results of this analysis with the Hutchesons t-test in order to assess whether significant
differences exist between the plant communities of the two treatment groups (Shannon and
Weaver 1949; Hutcheson 1970). Plants were also categorized by functional groups. Plant
functional groups or traits are variously described as either groupings that share similar
morphological/taxonomic characteristics, or groupings that exhibit similar response to
disturbance (Kleyer 2002). I utilized the former method, analyzing percent leaf-area cover with
herb, fern, shrub/vine, and tree seedling categories between the two site types. Functional groups
can be a useful tool for predicting changes to vegetation patterns in response to disturbance, land
use, and climate change, particularly in landscape-scale applications and when more complex
analysis of species diversity is not appropriate (Woodward and Cramer 1996). Total cover for the
functional groups was calculated for each site and summarized by the two site types as a
percentage of the total area sampled (absolute cover).
I also compared the likelihood of occurrence using presence/absence data, as well as the
leaf-area cover of non-timber forest products (NTFPs) and non-native invasive species between
the two site types (control and sugarbush) and their relation to certain environmental variables,
including aspect, slope, trees per hectare (of trees greater than 25.4 cm), basal area of canopy
trees (of trees greater than 25.4 cm), and the surface area cover of other plants. A
presence/absence analysis was conducted on the plot level to calculate likelihood of occurrence.
If a plant species was detected in either the quadrats or the meander it was counted as present on
a plot, otherwise it was recorded as absent. The cover analysis was conducted using the percent
leaf-area cover of each species within the quadrats.
For the understory flora, I calculated alpha diversity at the site level using the following
equation for the Shannon index:

14

Where H is the diversity in a sample of S species, and Pi is the relative cover of each
species inside the quadrats (Shannon and Weaver 1949). Higher values of H correspond to
higher species richness and also signify that there is more evenness in the community and not
just a few dominant species. The Shannon index is one of the most widely used measures of
diversity based on the information theory. I also calculated Pielou’s evenness index, which is a
measure of the observed value of H compared to the maximal value of one, which would occur if
all species were abundant in equal proportions (Pielou 1975). Pielou’s evenness index is
calculated as:

In order to compare diversity between the two treatments we used the Hutcheson t-test,
which was developed as a method for comparing the diversity of two community samples with
the Shannon diversity index (Hutcheson 1970). The formulas for the Hutcheson t-test and the
variance for the Shannon diversity index, respectively, are as follows:

Where H is the Shannon diversity index, S is the total number of species, N is the total
abundance, and P is the proportion of each species of the total.
The total understory vegetation cover, slope, aspect, trees per hectare, and basal area per
hectare were used as environmental variables to assess whether there were other effects besides
15

the impact of maple syrup tapping on invasive plants and NTFPs. Aspect was transformed from
an azimuth to an aspect code ranging from 0-2, using:

The maximum value of the transformed aspect code for plant growth on the cooler and
wetter northeast slopes is two at 45⁰ NE, and the minimum value on the warmer and drier
southwest facing slopes is zero at 225⁰ SW (Beers et al. 1966).
Total cover of each functional group per site (16 observations) was analyzed by one-way
ANOVA’s examining percent cover for each functional group to test for significant differences
between the site types. The dependent variable was the percent leaf-area cover of each functional
group (ferns, herbs, shrubs/vines, and tree seedlings), and the independent variable was the site
type.
A generalized linear mixed model (PROC GLIMMIX) with binomial distribution and
logit link was utilized for the evaluation of the presence and absence of individual invasive
species and NTFPs. The fixed effects were the site type (control, sugarbush), slope, aspect
(transformed), trees per hectare, basal area per hectare, and the surface area cover of other
understory plants. These variables were selected based on their utilization in other studies, as
well as being the variables that I thought were most likely to have an impact on vegetation
distribution and that would be feasible to measure within the confines of this study. The site was
utilized as a random effect. In addition, the combined non-native invasive species and NTFP
category frequencies were analyzed by summing the number of species of each category
(invasive species and NTFPs) found within the quadrats, using a generalized mixed linear model
with a negative binomial distribution.
The cover analysis for non-native invasive plant species and NTFPs was conducted on
the plot level using the combined percent leaf-area cover data from the quadrats, with cover data
being transformed using (% cover + 1 / 100). A generalized linear mixed model (PROC
GLIMMIX) with Gamma distribution, log link, and Laplace method were utilized for the
evaluation of the cover of both invasive species and NTFP’s. The dependent variable was the %
cover of the species being analyzed in each plot. The fixed effects were the site type (control,
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sugarbush), slope, aspect (transformed), trees per hectare, basal area per hectare, and the surface
area cover of other understory plants. The site was utilized as a random effect.

Results
Understory Flora Species Richness, Diversity, and Evenness
A total of 148 plant species were identified within the quadrats on the control sites, while
151 plant species were identified within the quadrats on the sugarbush sites. For the purposes of
the functional group analysis, I classified understory plants as either ferns, herbs, shrubs/vines, or
tree seedlings. The understory flora on both the control and sugarbush sites was dominated, as a
function of the percentage of total vegetation leaf-area cover, by eastern hay-scented fern
(Dennstaedtia punctilobula). Christmas fern (Polystichum acrostichoides Michx.) was also
common on both site types, as was intermediate wood fern (Dryopteris intermedia Muhl. Ex
Willd.), albeit in lower abundance. The herb species with the highest relative cover across the
two site types was wood nettle (Laportea canadensis L.), although it had much greater cover on
the control sites compared to the sugarbush sites. Spicebush (Lindera benzoin L.) had the highest
relative cover of any shrub across both site types. Greenbriar (Smilax rotundifolia L.) had the
highest relative cover of any vine across both site types. Tree seedlings were well represented in
the herbaceous layer on both site types, with the most abundant species being white ash
(Fraxinus americana L.) and sugar maple (table 2).
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Table 2: Most abundant plant taxa by relative cover

Plant Taxa (Control)
Dennstaedtia punctilobula
Laportea canadensis
Polystichum acrostichoides
Pilea pumila
Lindera benzoin
Viola pubescens
Fagus grandifolia
Smilax rotundifolia
Persicaria virginiana
Fraxinus americana
Other Species

Relative Cover
(%)
14.95
9.15
6.49
5.13
4.84
3.40
2.88
2.60
2.28
2.25
46.03

Plant Taxa (Sugarbush)
Dennstaedtia punctilobula
Lindera benzoin
Viola striata
Polystichum acrostichoides
Smilax rotundifolia
Acer saccharum
Fraxinus americana
Laportea canadensis
Berberis thunbergii
Carpinus caroliniana
Other Species

Relative Cover
(%)
23.28
7.00
4.90
4.32
3.19
2.66
2.59
2.53
2.25
2.22
45.06

Total cover for the functional groups was calculated for each site as well as for the two
site types (control and sugarbush) as a percentage of the total area sampled. Figures 2 and 3 show
the percent leaf-area cover for the functional groups (herb, fern, shrubs/vines, and tree seedlings
on each site. Figure 4 shows the average leaf-area cover of the functional groups on the control
and sugarbush sites. The most noticeable differences for the functional groups between the site
types was the greater cover of herbs on the control sites compared to the sugarbush sites (14.1%
vs. 8.69%), as well as the smaller area of no cover on the control sites compared to the sugarbush
sites (68.63% vs. 72.70%) (figure 4).
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Figure 2: Absolute cover of functional groups (control sites)
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Figure 3: Absolute cover of functional groups (sugarbush sites)
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Figure 4: Mean absolute cover of functional groups by site type
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Table 3 shows the result of the ANOVA analysis testing for significant differences
between the functional group absolute % leaf-area cover between the site types. The absolute
cover values for the functional groups did not show any significant differences between the site
types at p < 0.05 (table 3).

Table 3: ANOVA analysis on plant functional groups by site type

Functional
Group
Fern
Fern
Fern
Herb
Herb
Herb
Shrub/vine
Shrub/vine
Shrub/vine
Tree Seedling
Tree Seedling
Tree Seedling

Source
Site Type
Error
C. Total
Site Type
Error
C. Total
Site Type
Error
C. Total
Site Type
Error
C. Total

DF
1
14
15
1
14
15
1
14
15
1
14
15

F Ratio
0.4551

Prob >
F
0.5109

0.3441

0.5668

1.9104

0.1886

0.7257

0.4086
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A species-area curve was constructed to assess whether it was better to compare species
richness, diversity, and evenness at the plot level or the site level (Cain 1938) (figure 5). A
running total of unique species was calculated for each plot as the sample area increased (1 plot
= 4 m², 2 plots = 8 m², etc.). These data were then averaged to obtain a species-area curve for the
first 10 plots within each site. For the several sites that had less than 10 plots, their curve was
extrapolated from the existing plot data. The species-area curves for both the control and
sugarbush sites both closely followed a logarithmic relationship. The number of new species
detected was high during the first few sample plots, but decreased greatly as it approached 10
sample plots, with the difference between plots 9 and 10 being only approximately 1 new species
detected. Given the shape of this curve it was determined that it would be more appropriate to
calculate species richness, diversity, and evenness at the site level in order to better characterize
the site types at the landscape scale.

Figure 5: Species-area curve for understory plants
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Tables 4 shows the output of the Shannon diversity index, species richness, and Pielou’s
evenness analysis. An average species richness of 48 and 51 understory plant species were
observed for the sugarbush and control sites, respectively (table 4). The Shannon diversity
indices for the two treatments were very similar, with an average H-value of 2.66 for the control
sites and an H-value of 2.78 for the sugarbush sites (table 4). The Hutcheson t-test failed to show
a significant difference between the Shannon diversity index for the two site types (p = 0.37).
Pielou’s evenness value was likewise not significantly different between the two site types.

Table 4: Species richness, Shannon index, and evenness by site

Site (control)
Allegheny Passage
Chestnut Ridge
Deckers Creek
Dixon Lake
Fernow BCA
Kumbrabow
Monroe Run
Thomas
Mean

Richness
(S)
47
31
46
72
61
24
46
57
48

Shannon
Index (H')
3.02
2.23
2.29
3.49
2.76
2.23
2.61
2.66
2.66

Pielou's
Evenness (J)
0.79
0.65
0.60
0.81
0.67
0.70
0.68
0.66
0.70

Site
(Sugarbush)
Blue Rock
Bruceton Mills
Gray Farms
Indian Water
Maryland Line
Milroy
Valley Farms
Woodlot
Mean

Richness
(S)
56
51
67
34
42
63
40
52
51

Shannon
Index
(H')

Pielou's
Evenness
(J)

2.39
2.42
3.58
3.09
2.59
3.11
2.25
2.81
2.78

0.60
0.61
0.85
0.88
0.69
0.75
0.61
0.77
0.72
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Presence/Absence and Cover Analysis of Herbaceous NTFPs and NonNative Invasive Species
A total of 13 non-native invasive species and 7 NTFPs were identified in the sample sites
(table 5). Of these, 9 non-native invasive species and 4 NTFPs had sufficient data to analyze
likelihood of occurrence (based on the presence/absence data) and abundance. Several species
were only present in a few plots, and these were excluded from the analysis. Goldenseal, for
example, was only present in 1 of the 150 plots.

Table 5: Non-native invasive species and NTFP's

Non-Native Invasives
Ailanthus altissima
Alliaria petiolata
Berberis thunbergii
Celastrus orbiculatus
Euonymus alata
Euonymus fortunei
Eleagnus umbellata
Glechoma hederacea
Ligustrum sinense
Lonicera japonica
Microstegium vimineum
Rosa multiflora
Spiraea japonica

NTFP
Actaea racemosa
Allium tricoccum
Asimina triloba
Caulophyllum thalictroides
Panax quinquefolius
Hydrastis canadensis
Sanguinaria canadensis

The likelihood of occurrence analysis for NTFPs (table 6), which was calculated using the
presence/absence data from the plots, showed a significant effect of aspect on likelihood of
occurrence for blue cohosh (Caulophyllum thalictroides), with higher transformed aspect values
(found on north and east facing slopes) being associated with likelihood of occurrence. Higher
surface area of other understory plants was also positively correlated with likelihood of
occurrence for blue cohosh and American ginseng. Black cohosh (Actaea racemosa) was very
close to showing a significant effect of site type on likelihood of occurrence (p = 0.054). Least
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squares means estimates for the frequency of NTFPs (table 7) failed to show a significant
difference between the site types.

Table 6: Logistic Regression of NTFP presence/absence by site type and environmental variables

Species (NTFP)
A. racemosa

A. tricoccum

C. thalictroides

P. quinquefolius

Effect

ProbChiSq Odds Ratio Estimates

95 % Confidence Limits

Site Type

0.0541

0.075

0.005

1.074

Aspect Transformed

0.2125

2.566

0.575

11.445

BA acre

0.5949

1.009

0.975

1.045

Slope (degrees)

0.0816

1.088

0.989

1.197

Surface area others

0.6692

1.002

0.992

1.013

Site Type

0.7789

1.697

0.041

70.325

Aspect Transformed

0.1977

7.266

0.346

152.763

BA acre

0.9441

0.998

0.944

1.055

Slope (degrees)

0.7647

0.974

0.817

1.161

Surface area others

0.8106

0.998

0.982

1.014

Site Type

0.1172

0.129

0.010

1.713

Aspect transformed

0.0113

11.795

1.719

80.939

BA acre

0.4053

1.016

0.978

1.056

Slope (degrees)

0.2572

1.063

0.955

1.183

Surface area others

0.0187

1.014

1.002

1.027

Site Type

0.4983

1.333

0.236

7.536

Aspect Transformed

0.6951

0.976

0.859

1.109

BA acre

0.0838

1.036

0.993

1.081

Slope degrees

0.8322

0.989

0.883

1.107

Surface area others

0.0268

1.014

1.002

1.027
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Table 7: NTFP presence/absence estimates and standard error

Effect

Site Type Estimate StdErr

Mean

Standard error

Species (NTFP’s)
A. racemosa
A. tricoccum
C. thalictroides
P. quinquefolius

Site Type Sugarbush

-3.9871 1.1125 0.01822

0.01990

Site Type Control

-1.3957 0.7471

0.1985

0.1189

Site Type Sugarbush

-4.1021 1.4102 0.01627

0.02257

Site Type Control

-4.6307 1.4670 0.009653

0.01403

Site Type Sugarbush

-3.8070 1.0911 0.02173

0.02320

Site Type Control

-1.7594 0.8969

0.1469

0.1124

Site Type Sugarbush

-3.7870 1.0170 0.02216

0.02204

Site Type Control

-2.8685 0.8750 0.05374

0.04449

Table 8 shows the likelihood of occurrence analysis for the non-native invasive plants by
site type and the environmental variables. The only significant effect found in the analysis on
likelihood of occurrence for the individual invasive species was the site type for Japanese
barberry (B. thunbergii DC.), which was more likely to occur on the sugarbush sites than the
control sites (table 8). Table 9 shows the likelihood of occurrence estimates for the 9 non-native
invasive species between the site types.

Table 8: Logistic regression of non-native invasive species presence/absence by site type and
environmental variables

Species (Invasive) Effect
A. petiolata

A. podagraria

ProbChiSq Odds Ratio Estimates 95% Confidence Limits

Site Type

0.8352

0.707

0.026

19.035

Aspect transformed

0.6777

0.679

0.108

4.287

BA/hectare

0.8719

0.996

0.951

1.043

Slope (degrees)

0.9869

1.001

0.861

1.164

Surface area others

0.5808

1.004

0.990

1.017

Site Type

0.9353

1.063

0.242

4.661

Aspect transformed

0.1662

1.837

0.770

4.378

BA/hectare

0.2438

0.987

0.965

1.009
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Table 8 cont.
Species (Invasive) Effect

B. thunbergii

C. orbiculatus

E. umbellata

L. japonica

M. vimineum

R. multiflora

ProbChiSq Odds Ratio Estimates 95% Confidence Limits

Slope (degrees)

0.4144

0.973

0.910

1.040

Surface area others

0.8962

1.000

0.993

1.006

Site Type

0.0426

3.086

1.028

9.267

Aspect transformed

0.6906

0.873

0.443

1.719

BA/hectare

0.9550

1.000

0.984

1.017

Slope (degrees)

0.9747

1.001

0.948

1.057

Surface area others

0.4695

0.998

0.991

1.004

Site Type

0.7958

1.440

0.089

23.379

Aspect transformed

0.2415

0.432

0.105

1.783

BA/hectare

0.5882

1.012

0.970

1.055

Slope (degrees)

0.2942

1.052

0.956

1.158

Surface area others

0.6434

1.003

0.991

1.014

Site Type

0.7315

0.687

0.079

5.977

Aspect transformed

0.1015

2.997

0.796

11.282

BA/hectare

0.1405

0.975

0.943

1.009

Slope (degrees)

0.1961

0.938

0.851

1.034

Surface area others

0.2828

0.994

0.983

1.005

Site Type

0.4597

0.354

0.022

5.687

Aspect transformed

0.6339

0.715

0.177

2.887

BA/hectare

0.4661

1.015

0.975

1.057

Slope (degrees)

0.4266

0.956

0.856

1.069

Surface area others

0.4022

1.005

0.994

1.015

Site Type

0.7884

1.418

0.108

18.574

Aspect transformed

0.3898

1.890

0.437

8.176

BA/hectare

0.1327

0.970

0.932

1.010

Slope (degrees)

0.7017

0.982

0.896

1.077

Surface area others

0.9620

1.000

0.991

1.009

Site Type

0.9639

0.955

0.129

7.090

Aspect transformed

0.2447

1.851

0.650

5.273

BA/hectare

0.9798

1.000

0.971

1.031

Slope (degrees)

0.1941

0.952

0.883

1.026

Surface area others

0.7523

1.001

0.994

1.009
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Table 9: NTFP presence/absence estimates and standard error
Species (NTFP) Effect

Site_Type Estimate StdErr Mean StdErrMu

A. petiolata

Site Type

Sugarbush

-3.7109 1.0836 0.02387

0.02525

Site Type

Control

-3.3646 1.1044 0.03342

0.03567

Site Type

Sugarbush

-0.9968 0.5059 0.2696

0.09961

Site Type

Control

-1.0574 0.5126 0.2578

0.09808

Site Type

Sugarbush

-0.6763 0.3425 0.3371

0.07654

Site Type

Control

-1.8032 0.4086 0.1415

0.04963

Site Type

Sugarbush

-2.3277 0.9360 0.08886

0.07578

Site Type

Control

-2.6922 1.0078 0.06343

0.05987

Site Type

Sugarbush

-3.0398 0.7873 0.04566

0.03431

Site Type

Control

-2.6646 0.7455 0.06509

0.04537

Site Type

Sugarbush

-2.9037 0.9926 0.05197

0.04890

Site Type

Control

-1.8666 0.9277 0.1339

0.1076

Site Type

Sugarbush

-2.1617 0.7981 0.1032

0.07389

Site Type

Control

-2.5106 0.9567 0.07512

0.06647

Site Type

Sugarbush

-0.4621 0.6807 0.3865

0.1614

Site Type

Control

-0.4164 0.7038 0.3974

0.1685

A. podagraria
B. thunbergii
C. orbiculatus
E. umbellata
L. japonica
M. vimineum
R. multiflora

Table 10 shows the analysis on the combined presence/absence data between the site
types for the NTFPs. There was not a significant effect of site type for the combined NTFPs, but
there was a significant effect of aspect, with aspects associated with higher site indexes (north
and east facing slopes) being positively associated with NTFP likelihood of occurrence (table
10). Table 11 likewise shows the analysis on the combined presence/absence data for the nonnative invasive plants between the site types. A significant effect of site type on the likelihood of
occurrence for the combined invasive plant species was shown, with the control plots having
fewer invasive plants than the sugarbush plots (table 11). None of the environmental variables
showed a significant effect on invasive plant likelihood of occurrence, although the cover of
other invasive plants approached the level of significance.
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Table 10: Effects of site type and environmental variables on NTFP presence/absence

Herbaceous Non-Timber Forest Product Frequency Analysis
Effect

Treatment Estimate Standard DF t Value
Error

Intercept

Pr > |t|

-0.9328

0.5977 14

-1.56

0.1409

0.1890

0.1943 129

0.97

0.3323

.

.

.

0.008824 0.006133 129

1.44

0.1526

0.1078 129

2.77

0.0064

Slope (degrees)

0.004452 0.008985 129

0.50

0.6211

Trees Per Hectare

0.004163 0.006684 129

0.62

0.5345

Basal Area Per Hectare

0.001430 0.002382 129

0.60

0.5495

Site Type

Control

Site Type

Sugarbush

Other Herbaceous Plants
Aspect

0
0.2985

.

Table 11: Non-native invasive plant presence/absence by site type and environmental variables

Invasive Species Presence/Absence Analysis
Effect

Treatment Estimate Standard DF t Value Pr > |t|
Error

Intercept
Site Type

Control

Site Type

Sugarbush

2.3861

0.8252 14

2.89 0.0118

-0.6364

0.2999 129

-2.12 0.0357

0

.

.

Other Herbaceous Plants

0.01084 0.005597 129

Aspect

-0.1168

.

.

1.94 0.0549

0.1307 129

-0.89 0.3734

Slope (degrees)

0.003548 0.009656 129

0.37 0.7139

Trees Per Hectare

-0.01307 0.009613 129

-1.36 0.1763

Basal Area Per Hectare

-0.00621 0.003809 129

-1.63 0.1053
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Figure 6 visualizes the difference in occurrence of non-native invasive species between
the two site types. Each point represents a plot, with the number on the Y axis representing the
number of invasive species marked as present within each quadrat nested within these plots. The
control sites had a greater number of plots with zero invasive species, while the sugarbush sites
had a more even distribution (shaded areas), with more plots containing between 1 and 5
invasive species observations (and a single outlier that contained 10).

Figure 6: Number of non-native invasive species observations by site type
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Figure 7 shows the least squares means estimates for the cover of herbaceous NTFPs by
site type. Least squares means were used rather than the observed cover values to produce an
estimate of the predicted cover based on the statistical model, which takes into account the other
independent variables (aspect, slope, etc.) to estimate what the cover would be if these were
controlled for. Table 12 shows the p-values for the effect of site type and the environmental
variables on the cover of the individual NTFPs as well as the combined cover for all NTFPs. The
analysis on the cover of the herbaceous NTFPs indicated a significant increase on control sites
for blue cohosh (C.thalictroides) (p = 0.03). However, there were no differences between the site
types for the combined NTFP category (table 12). A significant positive association was found
with higher transformed aspect values (north and east facing slopes) and cover for blue cohosh,
black cohosh (A. racemosa), and for the combined NTFP data (table 12).
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Figure 7: Least squares means estimates for cover of NTFPs
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Table 12: Effect of site type and environmental variables on NTFP abundance

Species

Effect

A. racemosa

Site Type

0.1533

Aspect transformed

0.0165

TPA

0.3238

BA/hectare

0.4645

Slope (degrees)

0.3381

Site Type

0.3153

Aspect transformed

0.3973

TPA

0.5177

BA/hectare

0.9939

Slope (degrees)

0.4839

Site Type

0.0341

Aspect transformed

<.0001

TPA

0.0288

BA/hectare

0.8399

Slope (degrees)

0.1412

A. tricoccum

C. thalictroides

P. quinquefolius Site Type

ProbChiSq

0.3301

Aspect transformed

0.5125

TPA

0.5654

BA/hectare

0.0659

Slope (degrees)

0.0525

NTFPs combined Site Type

0.2373

Aspect transformed

0.0062

TPA

0.3481

BA/hectare

0.4871

Slope (degrees)

0.1535

33

Figure 8 shows a summary of the percent cover data for the combined NTFPs graphed
against the transformed aspect. This figure clearly exhibits the trend of higher percent cover
values for the higher transformed aspect values, which correlate with north and east facing
slopes. A value of two on the transformed aspect code equals an aspect of 45° NE, whereas an
aspect of zero equates to an aspect of 225° SW.

Figure 8: Percent cover of NTFPs by aspect

Figure 9 visualizes the differences in the least squares means estimates for cover of the
individual non-native invasive species and the combined non-native invasive species by site
type. The least squares means analysis produced an estimate of roughly four times higher cover
for the non-native invasive species on the sugarbush sites compared to the control sites (figure
34

9). The difference in magnitude for the combined cover data is due to the model accounting for
the other significant environmental variables (trees per hectare, aspect, etc.) as well as the fact
that eight of the nine species had higher cover values on the sugarbush sites compared to the
control sites (although only one was significant). Table 14 shows the effect of site type and
environmental variables on the abundance of the individual non-native invasive species as well
as the combined non-native invasive species data. Of the 9 invasive species analyzed, one
showed higher abundance (least squares means estimate for percent coverage) on the sugarbush
sites compared to the control sites, Japanese meadowsweet (S. japonica L.f.) (table 14). When
analyzed collectively however, the combined non-native invasive species were found to be
significantly more abundant on the sugarbush sites compared to the control sites (p = 0.0222)
(table 14). A significant positive correlation was also shown between higher tree stem density
and cover of non-native invasive species (p = 0.0238) (table 14).
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Table 13: Effect of site type and environmental variables on non-native invasive species abundance

Species

Effect

A. petiolata

A. podagraria

B. thunbergii

C. orbiculatus

E. umbellata

ProbChiSq

Species

Effect

ProbChiSq

Site Type

0.9062

L. japonica

Site Type

0.5740

Aspect transformed

0.1855

Aspect transformed

0.0029

TPA

0.1507

TPA

0.0576

BA/hectare

0.4062

BA/hectare

0.5938

Slope (degrees)

0.8455

Slope (degrees)

0.5728

Surface area others

0.6278

Surface area others

0.3997

Site Type

0.4796

Site Type

0.5401

Aspect transformed

0.0615

Aspect transformed

0.2386

TPA

0.5488

TPA

0.1987

BA/hectare

0.2656

BA/hectare

0.1989

Slope (degrees)

0.1142

Slope (degrees)

0.8374

Surface area others

0.8872

Surface area others

0.3755

Site Type

0.6748

Site Type

0.6018

Aspect transformed

0.4889

Aspect transformed

0.2106

TPA

0.9894

TPA

0.9864

BA/hectare

0.9829

BA/hectare

0.2760

Slope (degrees)

0.7255

Slope (degrees)

0.3317

Surface area others

0.2970

Surface area others

0.0895

Site Type

0.4782

Site Type

0.0081

Aspect transformed

0.3380

Aspect transformed

0.9920

TPA

0.4227

TPA

0.0256

BA/hectare

0.7589

BA/hectare

0.2761

Slope (degrees)

0.9294

Slope (degrees)

0.4573

Surface area others

0.6508

Surface area others

0.3717

Site Type

0.1865

Site Type

0.0222

Aspect transformed

0.0003

Aspect transformed

0.0912

TPA

0.4297

TPA

0.0238

BA/hectare

0.8018

BA/hectare

0.0823

Slope (degrees)

0.9151

Slope (degrees)

0.8594

Surface area others

0.5719

Surface area others

0.2749

M. vimineum

R. multiflora

S. japonica

Invasives combined
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Discussion
Diversity Indices and Plant Functional Groups
Both the sugarbush and control sites contain rich understory layers dominated by
herbaceous plants, which comprised a majority of the total understory vegetation cover. The two
site types did not show significant differences in species richness, Shannon diversity, and
Pielou’s evenness values. This result was not entirely unexpected, although I had initially
hypothesized that the sugarbush sites might exhibit lower diversity and evenness as the result of
extended periods of disturbance and increased invasion by non-native species. Shannon diversity
is a useful metric for characterizing species richness and abundance for plant communities;
however, it fails to account for individual species that may respond differently to varying
environmental conditions and stressors (Jabot and Chave 2009).
I also analyzed plant functional groups to examine if the differences in land use between
the control and sugarbush sites were impacting vegetation patterns. As with the diversity indices,
the plant functional group absolute covers were similar between the sugarbush and control sites,
despite what I was hypothesizing to be greater disturbance effects on the sugarbush sites. Certain
species associated with disturbance were more abundant on the sugarbush sites. In particular,
eastern hay-scented fern had 55.7% greater abundance on the sugarbush sites compared to the
control sites (22.38% compared to 14.59% of total vegetation cover). Eastern hay-scented fern
can act as an invasive plant under specific conditions, including increased light availability
following overstory thinning and during prolonged periods of deer overbrowsing, as it is not a
preferred browse species for deer (De la Cretaz and Kelty 1999).
Herbaceous layer response to disturbance is complex and varied, depending on factors
such as understory plant species assemblages, canopy structure, forest soils, and the type,
severity, and duration of disturbance (Roberts 2004). Both human activity-related disturbance as
well as natural disturbance can have impacts on species richness and plant community structure
(Armesto and Pickett 1985; Roberts 2004). Disturbance can result in short-term increases in
species richness due to increased habitat heterogeneity and/or reducing the dominance of certain
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species (Fredericksen et al. 1999; Tilman and Pacala 1993). The severity of disturbance is
important to its overall impacts, with one study finding that disturbance intensity needed to be
high (greater than 80% of canopy trees) in order to have a significant effect on the abundance of
most understory species (Zenner et al. 2006). Certain plant species are more sensitive than
others, and some studies have found significant impacts on plant functional groups and plant
species associated with late successional forests in response to lower-intensity disturbance,
including legacy impacts from timber harvesting and maple syrup production (Aubin et al. 2007;
Moola and Vasseur 2008). This study did not definitively show impacts on plant diversity,
species richness, or plant functional groups on sugarbush sites, and further research in this area is
needed.

Non-Timber Forest Products
One of the primary objectives of this study was to examine the presence/absence and
cover of certain herbaceous NTFPs within the sample sites and to see if there was a difference
between the sugarbush and control sites. The presence/absence analysis showed a significant
positive relationship with higher transformed aspect values (approximately correlating to north
and east facing slopes) for one of the four herbaceous NTFP’s that was analyzed, blue cohosh. In
addition, the abundance analysis showed that there was significantly higher cover of black
cohosh and blue cohosh on the control sites, as well as higher combined cover of all 4 NTFPs on
north and east facing slopes.
This analysis also showed a significant positive correlation between higher total cover of
understory plants and likelihood of occurrence of two of the herbaceous NTFP’s, blue cohosh
and American ginseng. These two factors, north/east facing slopes and higher total understory
vegetation cover, are correlated with higher humidity and cooler daytime temperatures in the
understory. Aspect has a significant impact on microclimate due to the differing amounts of solar
radiation received on slopes facing different directions. Generally speaking, north facing slopes
in the northern hemisphere receive less direct sunlight compared to south facing slopes, and east
facing slopes receive less intense heating due to cooler temperatures in the morning (Måren et al

38

2015). North facing slopes in particular have been shown to be associated with higher plant
biomass and cover at middle latitudes between 30° and 55° (Yang et al. 2020).
All four of the herbaceous NTFPs analyzed in this study, including black cohosh, blue
cohosh, goldenseal, and American ginseng, have been identified as indicator species of southern
and central Appalachian cove forests (Elliot 2014), vegetation associations that contain canopies
typically dominated by either sugar maple or yellow-poplar (White et al. 2003; Jenkins 2007).
The four herbaceous NTFPs have also been identified as indicator species for the south-central
interior mesophytic forest vegetation association, which are closely related to Appalachian cove
forests and are extensively distributed across the Allegheny plateau and West Virginia
(NatureServe 2012). The sites I sampled contained elements of both vegetation associations, for
which the boundary is typically considered to be the Allegheny front in West Virginia.
Appalachian cove forests and south-central interior mesophytic forests are characterized by a
sparse or absent shrub layer and a dense, highly diverse herb layer (Jenkins 2007; NatureServe
2012). These vegetation associations are also typically associated with protected slope positions
and north facing slopes, although they can occur across a range of aspects (Elliot 2014).
Considering the fact that blue cohosh is an indicator species for both forest types, it is perhaps
not surprising that the presence/absence analysis found that it is more likely to be encountered on
north and east facing slopes.
Other understory plant species associated with Appalachian rich-cove forests include
American ginseng, black cohosh, ramps, and goldenseal (Elliott 2014). The presence of these
species in the Appalachian rich-cove vegetation association also provides support for my
findings that the leaf-area cover of black cohosh and blue cohosh was higher on north and east
facing slopes and was positively correlated with the cover of other understory plants. The
impacts of topography on microclimate are likely important to these vegetation associations,
with north facing slopes retaining more moisture due to lower evapotranspiration, and greater
shading from understory vegetation cover helping to retain even more moisture and providing
cooler daytime temperatures (Boerner 2006; De Frenne 2013). American ginseng has also been
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shown to prefer habitats with more stable temperature regimes, which are facilitated by increased
shade and lower amounts of solar radiation during the day (Zhang et al. 2018).

Non-native Invasive Species
The analysis on the presence/absence and cover of the combined non-native invasive
species data in the sample sites indicated that they were both more likely to occur and had higher
total leaf-area cover on the sugarbush sites compared to the control sites. In addition, non-native
invasive species had higher cover on sites with higher tree stem density. These findings may be
related to greater disturbance impacts on the sugarbush sites, which can include trampling,
creation of trails, thinning, increased edge effects, tracking in of invasive species, etc. (Aubin et
al. 2006). Environmental disturbance is often associated with increased dispersal and
reproduction of non-native invasive plant species, although these relationships are complex and
variable depending on the species (Mortenson et al. 2009; Orbán et al. 2021). Disturbed areas
have been shown to be positively associated with the number of invasive plants, as well as with
lower floristic quality indices (Sandoya et al. 2017). Disturbance is also associated with higher
tree stem density, as the creation of canopy gaps following both human-activity related
disturbance (such as timber harvesting) and natural disturbance (such as weather events, pestrelated tree mortality, etc.) facilitates seedling regeneration and stand-initiation (Runkle 1982).
These factors may account for the higher rate of occurrence and cover of non-native invasive
species that was measured on the sugarbush sites.
For the individual non-native invasive plant species, the presence/absence analysis
showed a significant effect of site type only on Japanese barberry, which was found to be more
likely to occur on the sugarbush sites compared to the control sites. For the other non-native
invasive species found within the sample sites, a relationship between site type and likelihood of
occurrence either did not exist or the sample size was insufficient to detect it. The individual
non-native invasive plant species cover analysis indicated that only one of the 9 species
analyzed, Japanese meadowsweet, had higher leaf-area cover on the sugarbush sites compared to
the control sites. This may have been due to sample size, as many of the individual invasive plant
species were only present in a small fraction of the plots. When the individual non-native
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invasive species data were combined and analyzed collectively however, a significant effect of
site type was shown, with the sugarbush sites having greater overall leaf-area cover of non-native
invasive plant species compared to the control sites. The magnitude of this result was higher than
expected, with least squares means estimates for the combined non-native invasive species
showing approximately four times higher cover on the sugarbush sites compared to the control
sites (figure 7). However, the observed values on the plots showed approximately twice as much
leaf-area cover of non-native invasive species on the sugarbush sites compared to the control
sites. This discrepancy can be accounted for by the fact that the model was adjusting for other
significant variables that impacted non-native invasive plant cover, including tree stem density
and aspect. The true magnitude of the difference in non-native invasive species cover on the
sugarbush sites compared to the control sites may be higher than what was measured therefore,
although this would have to be confirmed with larger sample sizes and more controls. This
finding was expected given the hypothesized greater disturbance impacts from maple syrup
production.

Conclusions
Overall, this study showed that there are some differences in vegetation patterns between
the sugarbush and control sites, which may be related to disturbance from maple syrup
production. Some limitations of this study included the narrow sampling window (June-August),
which therefore did not allow sampling of some spring ephemerals. I also was not able to control
for all environmental effects or site specificity, and larger sample sizes may be needed. In some
respects, the two site types were very similar. Plant functional groups, species richness, Shannon
diversity index, and Pielou’s evenness were not significantly different between the sugarbush
and control sites. However, certain species associated with disturbance were found to be more
abundant on the sugarbush sites. Non-native invasive species in particular were more likely to be
encountered and had higher leaf-area cover on sugarbush sites compared to untapped maple
stands. Land managers concerned with invasion by non-native species may therefore wish to
dedicate some time to invasive species control or adjust their management practices in order to
mitigate invasive plant growth and dispersal. Keeping equipment clean, especially when moving
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it to different locations, may help to reduce non-native invasive plant seed dispersal. Mechanical
removal of invasive plants present on-site may also be useful. There was a positive correlation
between cover of several of the NTFPs and north and east facing slopes, as well as higher surface
area cover of other understory plants. This may be due to the fact that these species prefer richer
sites with more moisture and less direct sunlight, which would have implications for
conservation and cultivation of these valuable understory species. Land managers concerned
with protecting NTFPs may therefore try to reduce disturbance impacts in areas where they are
known to be present and on north and east facing slopes.
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